INTRODUCTION {#s1}
============

Colorectal cancer (CRC) is the second leading cause of cancer death in the United States and predominantly affects older adults. Prognosis is highly dependent on the stage of disease at diagnosis. The 5-year survival rate is 90% for individuals diagnosed with localized disease but only 14% for those with distant disease ([@R1]). Sociodemographic factors, such as race, ethnicity, and socioeconomic status, are known to influence CRC incidence, stage at diagnosis, survival, and mortality ([@R2]--[@R6]). In a previous case--control study, we showed that sociodemographic disparities in incidence and mortality have persisted over time and that geographic factors were also independently associated with CRC diagnosis and death ([@R7]). However, it was unclear whether the increased risk of CRC death for some populations was driven by differences in stage at diagnosis or survival after diagnosis. Understanding at which point disparities arise has important implications for potential solutions because differences in stage at diagnosis indicate a need to improve screening and early detection, whereas differences in survival suggest a need to focus on treatment. Furthermore, the relationships between sociodemographic and geographic factors and CRC staging and survival may change over time with evolving screening and reimbursement practices. The objective of this study was to investigate the temporal trends in CRC staging and survival with respect to sociodemographic and geographic factors in a nationally representative population of older adults.

METHODS {#s2}
=======

Study design {#s2-1}
------------

We conducted a case--case study and time-to-event analysis using the Surveillance, Epidemiology, and End Results (SEER)--Medicare linked database from 1991 to 2010 ([@R8]). Individuals 65 years or older who were diagnosed with CRC were identified from the Patient Entitlement and Diagnosis Summary File. Stage at diagnosis was classified based on the SEER summary staging as localized, regional, or distant/metastatic disease. In situ cases were excluded. To examine the predictors of stage at diagnosis, cases of regional and distant cancer were compared with those of localized disease. For the time-to-event analysis, survival was measured from the month of diagnosis to death from CRC. Those who did not die of CRC were censored at death from another cause or in December 2010, whichever was earlier. Both sets of analyses were performed in 4 periods, based on the year of diagnosis, to reflect evolving screening and reimbursement practices: (i) 1991--1997, before Medicare coverage of CRC screening; (ii) 1998--June 2001, during which Medicare covered screening fecal occult blood testing (FOBT) and flexible sigmoidoscopy; (iii) July 2001--2005, when Medicare began covering screening colonoscopy for average-risk individuals; and (iv) 2006--2010, the most recent period with the highest screening uptake in the general population. Race/ethnicity was defined by the Medicare enrollment database categories, which included non-Hispanic white, non-Hispanic black, Asian/Pacific Islander, and Hispanic/Latino categories. Geographic variables were derived using the beneficiary\'s zip code of residence as listed in the Patient Entitlement and Diagnosis Summary File. Rural/urban status was categorized as urban, large rural, small rural, and isolated small rural as defined by the Rural Urban Community Area codes ([@R9]). Local area-level sociodemographic and geographic data, including median household income, educational level, primary care and specialist physician supply, and population density at the Primary Care Service Area (PCSA) level, were extracted from the Dartmouth Atlas of Health Care ([@R10]) and categorized into quartiles. Compared with counties, the PCSAs provide more granular and relevant data defined by health utilization rather than arbitrary geopolitical boundaries ([@R11]). The PCSA-level specialist supply measures availability of all specialists but does not provide data on particular specialists who might be involved in the diagnosis and treatment of CRC, such as gastroenterologists, surgeons, oncologists, and radiation oncologists. Educational level was measured by the percentage of the population within a PCSA with at least 12 years of education. The PCSA data from the 2000 US Census and 2000--2001 American Medical Association and the American Osteopathic Association Masterfiles were used for the 1991--June 2001 analyses, and data from the 2010 Census and American Medical Association files were used for the July 2001--2010 analyses. This study (protocol \#7946) was approved by the Cancer Consortium Institutional Review Board at the Fred Hutchinson Cancer Research Center and University of Washington.

Predictors of interest {#s2-2}
----------------------

We included 9 variables in the model for stage at diagnosis, of which race/ethnicity, median household income, education, and rural vs urban residence were considered the main predictors of interest based on our previous work ([@R7]). The same 9 variables, in addition to stage at diagnosis, were included in the model for CRC survival. For each predictor of interest, we examined the temporal trends in these associations across the 4 periods.

Statistical analysis {#s2-3}
--------------------

We developed multivariable multinomial logistic regression models and the Cox proportional hazards models to characterize the association between the predictors of interest for stage at diagnosis and survival, respectively. Multinomial logistic regression is an extension of binary logistic regression that assumes nonperfect separation of the dependent variable choices by the independent variables in the model and independence among the dependent variable choices. The model does not assume normality, linearity, or homoscedasticity. Risk estimates are presented as relative risk ratios (RRRs), which are analogous to odds ratios in binary logistic regression models. The small proportion of cases with a race/ethnicity category other than "white," "black," "Asian," or "Hispanic" and those missing information on the stage of diagnosis were excluded from analysis. The proportional hazards assumption was assessed using time-dependent covariates and Schoenfeld residuals in the Cox model and graphically. The temporal trends were assessed using the Wald tests of interaction terms between a categorical time variable and independent variables as well as pairwise contrasts between consecutive periods for each variable. Results were considered statistically significant if the 2-sided *P* value was less than 0.05. All data were analyzed using Stata version 13 (StataCorp, College Station, TX).

RESULTS {#s3}
=======

Study population {#s3-1}
----------------

In the 20-year span between 1991 and 2010, 327,504 CRC cases and 102,421 deaths were observed (Table [1](#T1){ref-type="table"}). The median age at diagnosis was 77 years. The study population was 52.4% women and 82.9% whites. By the PCSA, the median percentage of the population with at least 12 years of education was 57.9%, and the median household income was 60,362 USD. In terms of geography, 84.1% of individuals lived in urban areas, 7.1% lived in large rural areas, 4.5% lived in small rural areas, and 3.6% lived in small isolated rural areas. The median number of primary care providers and specialists per 100,000 residents in a PCSA were 71 and 115, respectively.

###### 

Population characteristics of patients diagnosed with CRC, 1991--2010
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Stage at diagnosis {#s3-2}
------------------

Over the entire study period and excluding cases with unknown staging, the distribution of stage at diagnosis was 43.6% localized, 37.6% regional, and 18.8% distant/metastatic disease (Table [1](#T1){ref-type="table"}). Women were 9%--11% more likely than men to be diagnosed with regional disease, but there was no difference for distant disease. Among the 4 racial/ethnic groups, blacks had the highest risk of metastatic CRC and had 24%--39% higher risk than whites (Table [2](#T2){ref-type="table"}). Before Medicare coverage for CRC screening, from 1991 to 1997, blacks had a 24% higher risk of distant CRC than whites (RRR 1.24; 95% confidence interval \[CI\] 1.14--1.36). The risk peaked during the period that screening FOBT and flexible sigmoidoscopy became covered under Medicare (1998--June 2001: RRR 1.39; 95% CI, 1.27--1.52; *P* = 0.04, for trend). After the coverage of screening colonoscopy began in 2001, the risk of being diagnosed with distant disease decreased for blacks but remained statistically higher compared with whites (2006--2010: RRR 1.27; 95% CI, 1.19--1.36; *P* \< 0.01, for trend from July 2001--2005 to 2006--2010). Conversely, Asians had the lowest risk of metastatic CRC. Compared with whites, Asians had a 23%--48% lower risk of distant disease in 3 of the 4 periods (1991--1997: RRR 0.52; 95% CI, 0.45--0.60; 1998--2001: RRR 0.85; 95% CI, 0.74--0.97; and 2006--2010: RRR 0.87; 95% CI, 0.78--0.96). With the exception of the 2001--2005 period, during which Asians and whites had an equivalent risk of metastatic CRC, the relative protection against metastatic disease observed in Asians declined in each of the other 3 periods (*P* \< 0.001 for trend over the study period). Similarly, Hispanics had a 28% lower risk of being diagnosed with distant disease compared with whites in 1991--1997 (RRR 0.72; 95% CI, 0.58--0.88), but after 1998, the difference between Hispanics and whites disappeared (*P* = 0.02 for trend over the study period). For socioeconomic factors, individuals residing in areas with the highest quartile of median household income had a statistically significant 7%--12% lower risk of metastatic CRC in 3 of the 4 periods (1991--1997: RRR 0.90; 95% CI, 0.81--1.00; 2001--2005: RRR 0.93; 95% CI, 0.87--1.00; and 2006--2010: RRR 0.88; 95% CI, 0.81--0.95); the risk estimate from 1998 to 2001 was consistent with that of the other 3 periods but did not reach statistical significance. No differences by educational level were detected. In terms of rural vs urban residence, no statistically significant trends were observed over time or between the different rural categories within each period.

###### 

Factors associated with regional and distant colorectal cancer by year of diagnosis
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Survival and mortality {#s3-3}
----------------------

The median survival for localized disease was 91 months for cancers diagnosed between 1991 and 2001, and the apparent shorter survival seen after 2001 is explained by censoring at the end of the study period (Table [3](#T3){ref-type="table"}). Individuals diagnosed with regional CRC saw a steady improvement in the median survival from 52 months in 1991--1997 to 57 months in 2001--2005. Again, a short follow-up explains the lower survival observed in 2006--2010. By contrast, the median survival for those diagnosed with distant disease remained consistently at 6--7 months from 1991 to 2010. As suspected, stage at diagnosis was the strongest negative predictor of survival. Mortality in patients diagnosed with regional and distant diseases was 3 and 17--19 times higher than that in those with localized disease, respectively (Table [4](#T4){ref-type="table"}). For each additional year in age, there was a 3%--5% increase in CRC-specific mortality. Women had a 6%--8% lower risk of mortality than men from 1991 to 2005, although no difference was seen in 2006--2010.

###### 

Median survival by stage and period of diagnosis^a^
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###### 

Factors associated with colorectal cancer death by year of diagnosis
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Mortality results by race/ethnicity were comparable with findings for stage at diagnosis, with blacks having the worst outcomes, Asians having the best outcomes, and Hispanics having the most similar outcomes relative to whites. Blacks had a 16%--21% increased risk of death over the study period, but there was no clear directional trend over time (1991--1997: hazard ratio \[HR\] 1.16; 95% CI, 1.10--1.22; and 2006--2010: HR 1.18; 95% CI, 1.12--1.24; *P* = 0.81, for trend over the study period). Asians had a 32% lower risk of CRC death in 1991--1997 (HR 0.68; 95% CI, 0.63--0.74), but by 2006--2010, there was only a 13% relative risk reduction (HR 0.87; 95% CI, 0.80--0.95; *P* \< 0.001, for trend over the study period). Finally, a 20% lower risk of mortality was observed for Hispanics in 1991--1997 (HR 0.80; 95% CI, 0.70--0.90), but after 1998, no difference in mortality was seen (*P* = 0.02 for trend from 1991--1997 to 1998--June 2001). Statistically significant associations for both socioeconomic variables were found. Individuals living in areas with the highest quartile of median household income had a 5%--6% lower risk of death in 2001--2010, which corresponds to the period that screening colonoscopy gained Medicare coverage (2001--2005: HR 0.95; 95% CI, 0.91--1.00; and 2006--2010: HR 0.94; 95% CI, 0.88--1.00). By contrast, residence in areas with the highest quartile of educational attainment was consistently associated with a 9%--12% lower risk of death throughout the study period (1991--1997: HR 0.90; 95% CI, 0.84--0.95; and 2006--2010: HR 0.91; 95% CI, 0.86--0.96). Similar to the staging results, we found no consistent and statistically significant association between rural vs urban residence and CRC mortality. In a sensitivity analysis, we examined the associations when stage at diagnosis was removed from the model. The association between race/ethnicity and mortality was strengthened in the unadjusted model, indicating that racial/ethnic differences in survival are partly explained by stage at diagnosis (see Table 1, Supplementary Digital Content 1, <http://links.lww.com/CTG/A237>).

DISCUSSION {#s4}
==========

In this 1991--2010 SEER--Medicare analysis that spans 2 decades of changing screening and reimbursement practices, we found striking differences in CRC stage at diagnosis and survival by race/ethnicity and area-level socioeconomic status. For both distant stage at diagnosis and survival, blacks had the poorest outcomes compared with whites, whereas Asians had the most favorable outcomes. Hispanics had better outcomes than whites initially but lost their protective advantage after Medicare coverage for CRC screening began. Higher area-level income was associated with better outcomes for both stage at diagnosis and survival, whereas area-level education was only associated with improved survival. Rural or urban residence did not appear to influence CRC stage or survival.

Race/ethnicity {#s4-1}
--------------

To the best of our knowledge, our study is the first to compare stage and survival across periods of varying access to CRC screening. For blacks vs whites, we found that the relative risk for distant CRC increased after Medicare began covering FOBT and sigmoidoscopy. The disparity decreased thereafter but still remained higher in the most recent period than during the era before screening was widely covered. A similar pattern for the black--white disparity in survival was observed, but these trends were not statistically significant. A number of recent studies have examined black--white disparities using the SEER registries ([@R6],[@R12]--[@R15]), other population-based cancer registries ([@R5],[@R16]), and hospital-based cohorts ([@R17]). Most data agree with our results and show that blacks are more likely to present with advanced-stage CRC and have worse survival compared with whites, although there are notable exceptions. An analysis of patients with nonmetastatic CRC from 2001 to 2006 in the California Cancer Registry showed no racial disparity in survival within an integrated healthcare system, but blacks still had worse survival for most patients in nonintegrated care settings ([@R16]). A SEER analysis from 1975 to 2012 found that the black--white disparity in late-stage presentation disappeared by 2010, but the investigators defined late-stage disease as both regional and distant diseases and did not adjust for sociodemographic factors ([@R15]), whereas we separated these 2 nonlocalized stages and adjusted for both sociodemographic and geographic factors. We found black--white disparities only for distant disease and not for regional disease presentation, which were consistent throughout the study period from 1991 to 2010 (Table [2](#T2){ref-type="table"}). The reason for the observed racial difference in regional and distant CRC cases is unclear, but it is likely the primary explanation for the difference in our results.

Compared with the literature that focused on CRC disparities in the black population, few studies have examined disparities in Asians and Hispanics. One community-based study found no difference in advanced-stage disease between Asians or Hispanics relative to whites, although this was a single institution study with a relatively small sample size ([@R17]). However, a study using the Arizona Cancer Registry found a 3.8% and 3.5% higher absolute rate of advanced-stage CRC for Asians and Hispanics, respectively ([@R5]). Whereas these studies considered Asians and Hispanics as single large groups, investigations that examined disaggregated data for Asian and Hispanic subgroups show a more nuanced picture ([@R3],[@R18],[@R19]). A SEER analysis from 1988 to 1994 focused on 3 large US Asian subgroups and found that Japanese individuals had a higher rate of early stage disease and 5-year survival compared with Chinese and Filipinos ([@R19]). Another SEER study by Chien et al. ([@R3]) analyzed 18 different racial and ethnic groups and found that Chinese, Filipinos, and Koreans had a 20%--50% increased risk of presenting with stage III or IV CRC compared with non-Hispanic whites, whereas Japanese were 20% less likely to present with stage IV disease. For Hispanic subgroups, Mexicans, South/Central Americans, and Puerto Ricans had a 30%--40% elevated risk for stage III or IV disease. Stage-adjusted survival was better for Asians (specifically Japanese, Chinese, and Indian/Pakistani) and worse for Hispanics (specifically Mexicans) compared with non-Hispanic whites. Our study extends these earlier works by demonstrating shifting patterns in CRC stage at diagnosis and survival for Asians and Hispanics over time. Similar to what was seen for blacks, the relative risk for distant disease and mortality worsened for Asians and Hispanics after 1998. For Asians, who had the lowest risk of advanced disease and mortality of any racial/ethnic group, CRC stage and survival benefit was attenuated after the widespread coverage of screening. Hispanics also had a stage and survival benefit compared with whites before 1998, but this benefit disappeared as access to screening increased. These trends are concerning because a recent analysis of population-based cancer registries in the United States showed that although CRC is the third most common cancer for most racial and ethnic groups, it is the second most frequent cancer for Hispanic men and women ([@R6]). In addition, although Asian women have the lowest baseline death rate from CRC of any racial or ethnic group, they were also one of the few demographic groups that did not experience a reduction in the death rate from 2010 to 2014. Higher CRC survival among Asian Americans on aggregate has been attributed to factors such as higher socioeconomic status and more favorable tumor characteristics ([@R12]). There is no indication that either the biologic or socioeconomic characteristics of Asians in the United States have changed appreciably in the past 2 decades, and we also adjusted for area-level income and educational attainment in our analysis. Therefore, we hypothesize that the reason for the shrinking stage and survival benefit for Asians over time is due to lower rates of screening relative to whites. Similarly, Hispanics had a smaller baseline protective advantage than Asians, and this has vanished since the start of widespread population-level screening in 1998. Recent statistics confirm that Asians and Hispanics have the lowest CRC screening rates in the United States by race and ethnicity. In the 2015 National Health Interview Survey, 52% of Asians and 47% of Hispanics received up-to-date screening, which were both substantially lower than the 62% national average ([@R20]).

Socioeconomic status {#s4-2}
--------------------

We found that residence in areas with the highest income was associated with an approximately 10% reduction in metastatic CRC throughout the study period, even after adjusting for multiple other sociodemographic and geographic factors. However, education was not associated with stage, which suggests that income may be the primary socioeconomic determinant of screening and early detection. Our results are consistent with a recent population-based British Cancer Registry study, which found that from 2000 to 2012, individuals with the highest level of deprivation were 26% more likely to present with stage IV CRC compared with the most affluent individuals ([@R21]). With respect to survival, we found that residence in areas with the highest educational attainment was associated with an approximately 10% improvement in survival throughout the study period, and high-income areas were associated with an approximately 5% improvement in survival after Medicare coverage for screening colonoscopy. Another recent analysis examined individual-level socioeconomic status using the National Longitudinal Mortality Study and found that between 1979--1998 and 2003--2011, the relative risk of CRC mortality for individuals who did not complete high school compared with those who completed college increased from 1.16 to 2.20 for women and decreased from 1.53 to 1.42 for men ([@R22]). Similarly, the relative risk for those under the poverty threshold compared with those with income \>600% above the poverty threshold increased from 1.29 to 1.47 for women and decreased from 1.24 to 1.02 for men. In a sex-stratified analysis, we did not observe any differences in the association between income, education, and CRC survival for women and men from 1991--1997 to 2006--2010. We used local-level measures rather than individual-level measures of socioeconomic status and adjusted for a number of variables in addition to age, which may explain the stability of our risk estimates over time. Last, our previous work and those of others have shown a reversal in the relationship between area-level socioeconomic status and CRC mortality over time, in which high socioeconomic status only became protective against CRC mortality after the late 1990s ([@R7],[@R23]). We did not see a similar trend reversal in the present analysis, which suggests that the relationship had already begun to transition during the earliest period (1991--1997) we examined.

Geography {#s4-3}
---------

In a previous SEER--Medicare analysis from 1973 to 2010, we found that residence in small rural areas was strongly associated with both incident CRC and lethal CRC, but that these associations attenuated over time ([@R7]). Our present analysis did not find any consistent association between rural vs urban residence and CRC stage or survival from 1991 to 2010. Together, these results suggest rural residents are more likely to be diagnosed with CRC than urban residents, but they are not more likely to be diagnosed with advanced-stage cancer or have shorter survival after adjusting for stage and relevant sociodemographic factors. This implies that rural vs urban disparities may exist with respect to factors that influence CRC incidence, but treatment outcomes after diagnosis appear to be similar. It should be noted that we classified the rural/urban spectrum using the Rural Urban Community Area codes, which assess both population and commuting patterns at the zip code level. Using an alternative set of definitions for "rural" and "urban" may yield slightly different results. For example, a previous SEER study that divided counties into 5 categories based on the population found a J-shaped relationship for both CRC stage at diagnosis and survival, and the least and most populated categories at either extreme had the worst outcomes ([@R24]). Further research is needed to determine whether disaggregating the "urban" category would yield additional insights into the relationship between geography and CRC outcomes.

Strengths and limitations {#s4-4}
-------------------------

Our study has 2 major strengths. First, we used a large nationally representative sample of Medicare beneficiaries, which increases the generalizability of our results. Second, the periods we selected for analysis correspond to distinct eras of Medicare reimbursement or screening uptake, which provide the relevant policy context for interpreting the findings. Several limitations should also be noted. First, it is unclear whether results from a SEER--Medicare study are generalizable to patients younger than 65 years. Second, patients who were diagnosed with CRC between 2006 and 2010 all had fewer than 5 years of follow-up. However, the recent national report on cancer published by the American Cancer Society and several government organizations found that the 5-year survival for blacks, Asians, and Hispanics from 2006 to 2012 was consistent with our survival analysis from 2006 to 2010 in both the direction and magnitude of association ([@R6]). This suggests that CRC outcomes in the Medicare population are comparable with those in the general population and that having less than 5 years of follow-up for survival analysis does not substantively affect this particular result. Third, there are many Asian and Hispanic subgroups with differences in various CRC-related risk factors. Unfortunately, disaggregated racial/ethnic data were not available for this analysis. Fourth, potentially important lifestyle and cultural factors, such as diet, exercise, and health behavior, are not captured in this data set. Last, although we used the PCSA-level contextual data to characterize income and education at the most granular level possible, these remain area-level data and are not directly attributable to individuals.

From 1991 to 2010, during which CRC screening was widely introduced in the United States, we observed persistent disparities in CRC stage at diagnosis and survival for blacks and individuals living in areas with lower socioeconomic status. In addition, stage and survival benefits observed at the beginning of the period decreased for Asians and disappeared for Hispanics over time.
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